In this comparative study we investigate the performance of AlGaN/GaN based MSM varactor diodes based on HFET and by S-parameter measurements up to 50 GHz. The HFET based varactors show capacitance ratios up to 14. The MOSHFET based devices, on the other hand, exhibit lower capacitance ratios and poorer stability because of the insulation layer between electrodes and semiconductor.
Introduction
The metal-semiconductor-metal diode above a two dimensional electron gas (MSM-2DEG) has shown its potential as varactor with large voltage-dependent capacitance swing [1] . Due to similar fabrication technology, the MSM-2DEG can be processed simultaneously with HFET devices (Fig. 1 ) -a huge advantage for integrated circuit design. Furthermore, the capacitance swing of this varactor diode based on an HFET layer structure is much larger than for conventional varactor diodes, and it can be tuned by the electrode geometry in contrast to conventional pn, Schottky or heterostructure diodes where the capacitance ratio is only defined by the layer structure [5, 6] . In this work we compare the varactor properties of MSM-2DEG devices based on the HFET layer system (HFET MSM) with similar devices based on a MOSHFET system (MOSHFET MSM) (Fig. 2) . The MSM-2DEG diode consists of two back-to-back connected Schottky diodes above a 2DEG layer structure, as depicted in Fig. 1 Figure 3 shows the DC behavior of MSM devices and of reference gate diodes based on the HFET and the MOSHFET layer structures. The HFET gate diode shows a typical Schottky diode characteristic with a reverse current in the 10 to 50 nA region and a forward current that increases from 10 nA to 1 mA in a bias range from 1 to 1.5 V. Because the MSM-2DEG consists of two gate diodes connected back-to-back, the forward current of the forward-biased electrode of the MSM-2DEG is identical to the reverse current of the reversebiased contact. Therefore, the applied bias voltage drops mainly across the reverse-biased contact, minus the well-defined voltage drop of 1 to 1.2 V across the forward-biased electrode. Fig. 5 ). Figure 5 shows the capacitance-voltage relationship of the MSM-2DEG devices. The capacitance of the HFET MSM is nearly constant up to the transition voltage of 5 V that corresponds to the threshold voltage of -4.1 V for HFET transistors in this layer system [8] , added by the voltage drop of IV of the forward-biased diode (Fig. 3) . The capacitance of the unbiased device corresponds well with half the value of a plate capacitance with the area of one electrode and with the 30 nm thick AlGaN layer as dielectric [2] . Above the transition voltage where the reverse-biased electrode has completely depleted the 2DEG channel, the capacitance drops below 10 Ef within a small voltage range. Fig. 2 for a device with 0.5 ptm electrode length. The origin of both asymmetry and hysteresis lies in the undetermined and unstable distribution of the bias voltage between forward and reverse-biased contact that is governed by the parasitic currents through the buffer.
Conclusions
We have fabricated MSM diodes above a two dimensional electron gas based on HFET and MOSHFET AlGaN/GaN layer systems. Fabrication of these devices is fully compatible with the transistor fabrication process. HFET based devices show the suitability for use as varactor diodes with large capacitance ratio and transition voltages defined by the layer structure and the 2DEG properties. The MOSHFET based devices, on the other hand, show a smaller capacitance swing, a hysteresis in the capacitance-voltage characteristics and a transition voltage that is strongly influenced by the parasitic buffer currents. Therefore, we conclude that in order to maintain the improvements of the transistor performance by the dielectric layer for the MSM-2DEG, the semiconductor layer stack as well as the dielectric material must be further optimized.
